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@ Method for resolving occlusion in a combined raster-scan/calligraphic display system. 

(57) A method for determining the proper occul- 
tation relationship between a calligraphic point 
and at least one of another calligraphic point 
and a surface in a raster image, divides the total 
Image screen into an anray of spans, each con- 
taining an ordered set of pixels which may be 
further divided into an array of subpixels ; de- 
termines which of the subpixels on the total 
screen lie inside each of the raster surfaces and 
calligraphic points which must be considered 
for the image totality ; then orders the distance 
of each of the raster surfeces from the viewing 
point and also orders the distance of each of the 
point features from the viewing point ; and then 
compares the ordered distances of each point 
to at least one of the raster surface distances 
and other point distances to determine which of 
subpbcels of the point or surface/other point are 
occluded and which subpixels are visik>le. 
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FiELD OF THE INVENTION 

This invention relates to computer image gener- 
ation (CIG) systems and, more particulariy, to a novel 
method for resolving depth priority between cal- 
ligraphicaily-displayed point features and at least one 
of raster-displayed features and other calligraphic- 
displayed point features in a CIG system. 

BACKGROUND OF THE INVENTION 

It is now well known to design real-time computer 
image generation (CIG) systems to provide realistic 
reproduction of images for a variety of simulator sys- 
tems, such as flight simulators and the like. In such 
systems, image generation can be broken down into 
three separate processing stages: controller, geomet- 
ry processor and display processor. Each of these 
three processing stages works, independently of the 
other, on data corresponding to one of three consecu- 
tive Images to be displayed. The controller processes 
data in an image or scene for a fbced time and then 
passes Its processed data to the geometry processor. 
The geometry processor has an equal amount of time 
to do its calculations and at the end of that time sends 
its results to the display processor. The display pro- 
cessor processes the data for final display on a video 
display. For each time interval, all three processors 
are kept busy, so that at any gh/en time, the proces- 
sors are working on three separate scenes. Data 
flows through the three stages in a sequential man- 
ner, so that to maximize processor efficiency, an Im- 
age or scene is divided into a plurality of spans which 
are sequentialiy processed. Each span is, conceptu- 
ally, a email (generally rectangular) area on the dis- 
play screen, and is comprised of a matrix of picture 
elements (pixels). An object-to-be-displayed is com- 
prised of at least one individual face, where each face 
is bounded by straight lines and is thus an uninterrup- 
ted, continuous area. A face, therefore, may cover a 
number of spans, and a span may contain a number 
of faces. The overall goal of an area (span) proces- 
sing system is to maximize the efficiency of the three 
separate processors, and provide a realistic connect 
image while satisfying real-time processing con- 
straints. It is now well known to reduce the total cal- 
culattons and calculation time In situations where a 
plurality of objects were positioned in front of, or be- 
hind, each other, by utilizing a depth buffer to deter- 
mine for each of a plurality effaces, forming the totality 
of object portions in each span, which face portion is 
in front of, and therefore is visible over, other face por- 
tions further from the ot)server. One depth-buffer- 
priority processing scheme is descrit)ed and claimed 
in US Patent 4,825,391, Issued April 25, 1989 to the 
assignee of the present application, and incoporated 
herein in its entirety by reference. This reference Is 
concemed witti formation of a raster image, as on a 



nomial CRT display, where the raster traces through 
Uie array of spans of an image. 

It is also well known that an image can be fonned 
upon a calligraphic-raster display device which not 

5 only allows the nonmal raster image to be displayed in 
a desired scanned fashion (e.g. left-to-right in each 
row. with a plurality of rows being sequentially written 
from top to bottom of tiie screen), and also allows cal- 
ligraphic point features to be individually placed upon 

10 the screen. Typically, the raster image can be over- 
written by each calligraphic point feature, as the writ- 
ing electron beam is deflected in vector fashion so as 
to draw lines and points over the raster Image. This 
overwriting procedure produces dear sharp points 

IS and lines free from distracting effects caused by ras- 
terizlng ttie image, for example, sclntillattons, stair- 
stepping and the like phenomena are reduced, if not 
completely removed. However, proper display of a to- 
tal scene requires that the occultation of different 

20 object polygons of the raster Image not only be deter- 
mined, as by the deptii (Z) buffer method of the 
aforementksned Patent, but also requires determi- 
nation of the proper occultation relationships between 
tiie raster and the calligraphically-displayed point 

25 features (which are not necessarily single "points", 
but may have a real, non-zero radius), and In fact, t>e- 
tween different ones of tfie calligraphically-displayed 
point features themselves. For example, if a cal- 
ligraphic point feature is visually located behind the 

30 surface of the polygon in the raster image, that cal- 
ligraphic point feature should not be displayed; of 
course, since the point feature has not only a center 
location but also a radial extent (I.e. is not a single 
"point"), the point feature can partiy occult or be partiy 

35 occulted by, a polygon surface in the raster image and 
only a part of the circular point feature would then be 
visible and be displayed in the resulting total image. 
Similariy, because the calligraphic features can have 
different radial extent, even if different point features 

40 have centers lying at the same point, proper occul- 
tation between different calligraphic point features 
must also be obtained. Accordingly, it Is therefore 
highly desirable to provide a single method for resolv- 
ing priority between calligraphic-displayed point feat- 

45 ures and both other calligraphic-displayed point 
features and raster-displayed features; it is higly de- 
sirable that this process utilize tfie depth-buffer-based 
method previously and for resolving priority between 
plural raster display features. 

50 

BRIEF SUMMARY OF THE iNVENTION 

In accordance with the present invention, a 
method for determining the proper occultation rela- 
55 tionship between a calligraphic point and at least one 
of another calligraphic point and a surface in a raster 
image, utilces the steps of. dividing the total image 
screen into an array of spans, each containing an 
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ordered set of pixels which may be further divided into 
an anray of subpixels; determining which of the cell 
(i.e. the pixels) subpixels on the total screen lie inside 
each of the raster surfaces and calligraphic points 
which must be considered for the image totality; order- 
ing the distance of each of the raster surfaces from the 
viewing point; ordering the distance of each of the 
point features from the viewing point; and comparing 
the ordered distances of each point feature to at least 
one of the raster surface distances and other point 
feature distances to determine which of the subpixels 
of the point feature or the surface/other point feature 
are occluded and which subpixels are visible. 

In a presently preferred embodiment e pixel-fill 
circuit is modified to detenmine subpixel priority for 
each of a sequence of range-sequential raster cells 
and to store range information therefore, and to sepa- 
rately detenmine priority for each of a sequence of 
point-feature cells following in the same range-sepa- 
rated group, to resolve raster-to-raster and point fea- 
ture-to-point feature cell (subpixel) priorities; 
raster-point feature cell (subpixel) priorities are then 
resolved with a depth (Z) buffering procedure. 

Accordingly, it is an object of the present inven- 
tion to provide a novel method for resolving priority be- 
tween at least one calligraphically-displayed point 
feature and at least one other display feature, which 
may be a raster-displayed feature and/or another cal- 
ligraphically-displayed point feature. 

This and other objects of the present invention will 
become apparent upon a reading of the following de- 
tailed description of the presently preferred embodi- 
ment, when considered in conjunction with the 
associated drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic side view of a portion of 
the viewer space of a computer image generation 
system, and of raster-displayable face surfaces 
and calligraphicaily-dlsplayable point features 
therein; and 

Figure 2 is a schematic block diagram of a portion 
of a pixel-fill circuit providing one possible 
hardware configuration for carrying out at least a 
portion of the method of the present invention. 

DETAILED DESCRIPTION OF A PRESENTLY 
PREFERRED EMBODIMENT 

Referring initially to Figure 1, it is desired to dis- 
play the view seen by a viewer 10 looking into viewer 
space 1 1 , along the Z axis thereof, so that a viewing 
plane 12 extends in the X-Y direction and substan- 
tially perpendicular to the depth (Z) axis of viewer 
space 1 1 , with the axis passing from the viewing point 
1 1a through the image plane center 12c. The field-of- 
view (FOV) of viewer 10 defines the extent of image 
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plane 12, as shown by FOV line 14; the FOV also 
limits the amount of viewer space 1 1 in which various 
point features 16a, 16b,... and various surface faces 
18a, 18b,... are potentially viewable. Each of point 

5 features 16 is actually of spherical shape, but be- 
comes of substantially circular shape when projected 
into viewer space; the plane of the circular point feat- 
ure is substantially perpendicular to depth axis Z, and 
the circular point feature has a center and a non-zero 

10 radius. Thus, as shown in Figure 1, wherein the 
reader is viewing space 11 from a location substan- 
tially perpendicular to axis Z, each of the circular point 
feature surfaces appears as a somewhat oval, planar 
shape, with a disk of extent determined by its radial 

IS size. Each of faces 16 can be of any desired geomet- 
ric shape and can have Its sut>stantially flat surface 
disposed at any angle with respect to depth axis Z. 

A first sightline 20 extends from the viewing 
space origin 11a through a first selected location 128 

20 (here, a subpixel location) in the viewing plane and 
thence through a point feature 1 6a, and does not pass 
through any other displayable feature; there is no. 
problem with detennlnlng the feature attrltxjtes of 
(subpixel) cell 1 2s - they are the attributes of the only 

25 encountered feature (point 16a, at a distance Za) 
along line 20. The total viewable scene is obtained as 
each cell of the image plane 12 Is sequentially con- 
sidered. Eventually, another cell (here, of a subpixel 
12s') is reached for which the features along an as- 

30 soclated sightline 20' are considered; this line misses 
point features 16b/16c and passes only through a 
point 18-1 a of one face 18-1 at a distance Z1, so that 
the attributes viewable in cell 12s' are also easily- 
found. Another sightline 20" passes through a (sub- 
as pixel) cell 1 1s" and then passes successively through 
a point feature 16d, a point 18-1 b upon the first sur- 
face 18-1, other point surfaces 16e and 16f, and a 
point 1 8-2a upon the second surface 1 8-2. Those skil- 
led in the art will understand, by reference to the 

40 aforementioned patent, that, in the absence of point 
features 1 6d-16f, priority between surface face points 
1 8-1 b and 1 8-2a would be determined by a depth buf- 
fering operation, establishing the depth Z distances of 
each point along the Z axis, e.g. distance Z2 for point 

45 18-1b and distance W for point 18-2a from viewing 
space origin point 1 1 a, and by then detemnining which 
of the Z distances is the lesser (e.g. Z2 < Z3); sepa- 
ration (along the vertical broken range-separation line 
22) of the faces into distinct range separable groups 

50 (RSQs), such as RSG1 containing face 18-1 and 
RSG2 containing ^ce 18-2, may be utilized to aid in 
the depth Z buffer detennination process. The present 
method determines the visibility priority of each cellu- 
lar contribution of a point feature (e.g. point feature 

55 1 6d) with respect to the contribution, in the same cell, 
of other point features (e.g. point features 16e and 
16f) along the same sightline (e.g. sightline 20") as 
well as with respect to raster surface face points (e.g. 

3 
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points 18-1b and 18-2a) also encountered along that 
same sightilne. 

When more than one feature (point features 
and/or surface features) lie upon the same cell (e.g. 
subpixel 12s'') of the image plane, an occultation 
operation must be performed to determine which feat- 
ure is closest to the viewer at that subpixel location, 
and therefore to be displayed as the single visible 
feature within that cell. The Z distance from the viewer 
to the feature (either the surface point or the circular 
point feature) is calculated for each feature and that 
Z distance, along the Z axis, is compared to the Z dis- 
tance for all other features along the same sightline. 
If the distance^ in each particular cell, from the viewer 
to the circular point feature is smaller than the dist- 
ance firom the viewer to any other point feature or ras- 
ter feature, that circular point feature is visible in that 
ceil and the distance of that visible feature Is assigned 
to the subpixel. Similarly, If the distance to another 
point feature or to a surface point is smaller, the dist- 
ance to that other point feature or surface point Is as- 
signed to the particular subpixel. This process Is 
extendable to any number of surface faces and/or cir- 
cular point features lying on a particular cell. Thus, 
distance from the viewer to each feature at a subpbcel 
location is calculated, compared and the smallest dis- 
tance is assigned to the subpixel. Because the display 
is firet provided with raster information and is then pro- 
vided with calligraphic light information, one aspect of 
the present invention Is to separately operate upon all 
raster surfaces and separately operate upon all cal- 
ligraphic lights (which are advantageously formed up- 
on the display In a time Interval different from the time 
interval in which the raster display is formed) so that 
voids in the raster display are not caused by the cal- 
culated presence of calligraphic points. 

We therefore Inltiaily separate all of the cal- 
ligraphically-dispiayable point features into a firet 
group C and separate ail of the raster-displayable sur- 
face faces into a raster group R. The surface Infor- 
mation of the faces in group R is processed firet, 
utilizing range-separatHe groups and a depth conv 
parison operation; when all of the surfaces in group R 
are processed and the depth-buffered cell infonmatlon 
stored, each image plane subpixel contains a Z dist- 
ance which represents the distance from the viewer to 
the closest surface at that subpixel location. The point 
features of group C are now processed. If the faces 
have been separated into RSGs, then the point feat- 
ures are also separated Into range-separable groups, 
and are organized at the end of (i.e., after the faces) 
of the associated RSG. Thus, as shown In Figure 1 , 
the firet range-separable group (RSG1) contains not 
only face 18-1 but also calligraphic point features 16a- 
1 6e, which are ordered at the end of RSG1 ; the further 
range-separated group RSG2 contains a single point 
feature 16f, which is ordered after the face 18-Z The 
point features are now ordered from front (i.e. closest 



to viewing point 11 a) to back (i.e .furthest from viewing 
point 1 la); this ordering may be at>solute, among all 
of the point features (if RSGs are not utilized) or may 
be a front-to-back ordering of all point features within 

5 the particular RSG. Because each point feature is de- 
fined to always lie In a plane parallel to the image 
plane (and therefore perpendicular to the Z axis) the 
ordering operatton Is done by simply ordering the Z- 
axls distance to each point feature. Thus, in RSG1, 

10 point features 16a-16e would be ordered with the as- 
sociated Z distances (e.g. Zd, Zb, Zc, Ze). Thus, by 
ordering the calligraphic point features firom front-to- 
back, the calligraphic point features are in priority or- 
der, so that at this stage of the operation, a list of 

15 priority-ordered calligraphic lights is known from 
group C along with the Z distance to each point feat- 
ure, and a Z distance for each subpixel from group R 
is also known. 

Each of the calligraphic point features is now as- 

20 signed to the at least one cell which that point feature 
covere; a method such as that described and claimed 
in co-pending US Application Serial no. (35-GS-2767) 
and the like can be utilized to determine which sub- 
pixels lie on each calligraphic point feature (by refer- 

25 ence to the center and radius of that particular point 
feature). Processing of the C group thus commences 
with each subpixel (cell) allocation in an accumulated 
group record being reset to zero, and each of the sub- 
pixels of the firet circular point feature (e.g. feature 

30 1 6d at closest distance Zd) now being considered as 
a closest point subpixel; if that subpixel has a visible 
attribute, it is added to the accumulated group C sub- 
pixel record of visible subpixels which have t)een en- 
countered. The accumulated group C subpixel record 

35 is then compared with the subpixels found to lie upon 
the second-encountered circular point feature (say, 
point feature 16e, in back of face 18-1) and any sub- 
pbcel locations of the second point feature which are 
already included (set) in the accumulated record are 

40 eliminated from consideration, as being occulted. The 
remaining second-conskJered point feature subpixels 
are added to the accumulated record, which now con- 
tains ail of the subpixels which are occupied by visible 
portions of the firet two calligraphic points. The sub- 

45 pixels of a third point feature (say. point feature 160 
are then Indh^idually compared against the accumu- 
lated record and any common subpbcels are removed 
from the third point feature. The remaining subpixels 
of the third point feature are therefore not occluded 

50 and, being visible, are added to the accumulated re- 
cord. This process continues until each cell of each of 
the calligraphic point features in the list is compared 
against the record of which cells in the image plane 
are already occupied by a portion of any of the closer 

55 calligraphic features and tiie occulted point feature 
cells (subpixels) are eliminated. If no subpbcels of a 
point feature are visible, tiie point feature is entirely 
discarded and is not placed upon the list Therefore, 
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an ordered list of all calligraphic point feature sub- 
pixels is known, along with the Z distance from the 
viewer to the point feature and a list of all of the visible 
subpixels for each point feature is recorded; this com- 
pletes the calligraphic point-calligraphic point conv 5 
parison process. 

The display image is fonmed by first raster scan- 
ning the group R pixel data, rf nothing further is done, 
then a nomial raster display results; there are no 
"holes", because the calligraphic point features have io 
not been subtracted from the raster scan data. A cal- 
ligraphic display interval, follows the end of each ras- 
ter display interval; the calligraphic data is completed 
while the raster data display is ending. For each se- 
quential subpixel in each pixel sequentially scanned is 
by the raster, the Z distance of each calligraphic point 
feature in the C group lists is compared with the Z dis- 
tance for the same subpixel in the R group list For 
example, for subpixel 12s". the C list shows a closest 
distance Zd for the point feature 16d (note that the 20 
same subpixel 128" portions of point features 16e and 
16f have been discarded, as features 16e and 16f 
have greater Z axis distances), and the group R list 
shows the distance Z2 to the closest face point 18-1 b 
(which was detemiined to be closer than the distance 25 
Z3 of the next-encountered face point 18-2a). If the 
calligraphic point feature Z distance (here, distance 
Zd) is closer (as here) than the raster point Z distance 
(here, distance Z2), Then the subpixel of the newer 
calligraphic point feature is retained. Conversely, if 30 
the raster subpixel is closer, as determined by the 
depth Z buffer operation, the calligraphic point feature 
subpbcel infonmation is not used. This process elimi- 
nates all calligraphic point subpixels which are occul- 
ted by surfaces in group R. Thus, final lists are 35 
available of: all visible raster subpixels (and, by suit- 
able averaging or other processing, all visible pixels); 
all visible calligraphic point feature subpixels and 
pixels; and a merged list which contains all of the to- 
tality of raster-viewable and calligraphically-viewable 40 
points making up the final display image. The data of 
each list may be displayed separately (as for system 
test purposes), although only the merged list contains 
the full desired set of display data. The visible attri- 
butes of each calligraphic point feature can now be 45 
modified, in accordance with the percentage thereof 
actually appearing in the final display. That is. once 
the list of calligraphic point feature visible subpixels is 
available, after raster-calligraphic point feature com- 
parison in the depth buffer, the number of visible sub- so 
pixels of each point feature can be counted and this 
count used to approximate the calligraphic point feat- 
ure size (i.e. the remaining point feature area). For 
example, suppose a point feature had an original 
radius of five subpixels. so that this point feature ties ss 
on a total of n(r=5)2=78 subpixels, but. after the occult- 
ing operations are completed, a lesser number (say 
only 16 subpixels) renfiain to determine the display at- 



tributes of this particular point feature. One of several 
methods can be utilized to determine the feature 
characteristics, two possible examples are: (1) the 
size (i.e. number of subpixels) can be reduced to dim 
the brightness of the point, as by finding a new point 
feature radius to be the square root of the quotion of 
remaining pixels and tc, i.e. for 1 8 remaining subpixels 
a new radius of {le/n)'^ = 2.26 subpixels, so that the 
point feature visible size is reduced, or (2) instead of 
reducing the size to produce the effect of the point 
feature being properiy occulted, both the size and 
brightness of the remaining pixels may be reduced. 
The original numt^r of point feature subpixels may be 
compared with the count of remaining subpixels for 
that point feature, and table look-ups may be used to 
determine the amount of size reduction and/or bright- 
ness reduction, so that, once the size and brightness 
for each calligraphic point feature and each subpixel 
therein Is detemiined, the calligraphic point features 
can be displayed on the calligraphic display using 
standard techniques, preferably during a calligraphic- 
display interval In between raster scan Intervals. 

Referring now to Figure 2, pixel-fill circuit 30 is 
shown which may be utilized after a range ordering 
subassembly in the display processor of a span- 
processing CIG system (as further shown in Figure 5 
of the aforementioned Patent). The pbcel-fill circuit 30 
receives mask data (i.e. subpixel cell data, including 
previously established depth Z values and cell attri^' 
bute information, if required) at an input 30a and pro- * 
vides output data at an output 30b. Circuit 30 indudea 
a raster mask data portion 32 and a calligraphic point- 
data portion 34. Each portion has an AND gate 36, an 
OR gate 38, a mask accumulator means 40 and an in- 
terieaved nr^nrK)ry means 42. The calligraphic data 
portion 34 has an additional OR means 44, while a 
common multiplexer (MUX) means 46 is used to 
select which of portk>ns 32 or 34 provide the output 
data (possibly to a depth buffer means 48 subse- 
quently positioned to receive mask data output from 
output 30b). 

The raster data section 32 receives, at the circuit 
input 30a. sequential subpixel data for the portions of 
each face 18 in each span making up a presently- 
processed- raster image. The data is broken down in- 
to range-separable groups, so that the data for all of 
the first (nearest) RSG in each span is sent to circuit 
30 sequentially, before the data forface(s) in a second 
RSG in any of the spans is sent. Only after the first 
RSG in all spans has t>een processed will the sequ- 
ence of second RSGS in all spans be processed, be- 
fore being followed, sequentially, by the third, 
fourth,... RSGs in the sequential set of spans. Thus, 
the accumulator means 40-1 and the interieaved 
memory means 42-1 are initially reset and the data for 
the first range separable group of the first (e.g. upper 
left) span of a display frame is sent through input 30a 
and appears at gate input 36-1 a. The output 42-1 b of 



3DOCI0: <EP 0SO756OA2_L> 



9 



EP0 507 550 A2 



10 



the previou8ly*re86t memory provides a low logic 
level at gate input 36-1 c, which is inverted and allows 
the data at input 36-1 a to appear at gate output 36-1 b 
and then at OR gate input 38-1 a. Since there are now 
low logic level signals at inputs 38-1 b and 38-1 c, the 
gate output 38-1 d will contain the raster mask sub- 
pixel data from input 30a. This data then appears at 
mask accumulator means 40-1a and is clocked into 
storage therein, responsive to a raster-storage clock 
signal (not shown) and the presence of a calligraphic- 
control C signal being low and providing a raster mask 
accumulator means high logic level at input 40-1c (by 
action of inverter 52). Thus, if the sightiine through the 
presently-considered subpixel of the present span 
does not intersect a face point, the accumulator 40-1 
receives and stores a low logic level bit for that sub- 
pixel; conversely, if the subpixel sightiine (such as line 
20') passes through a surfece point (i.e. point 18-1 a) 
the accumulator means 40-1 stores a high-logic level 
for that subpixel, as well as the distance (e.g. Z1) for 
that subpixel. When ail of the subplxels In a particular 
span have been sequentially input, the subpixel infor- 
mation from the next span Is sequentially input and 
operated upon, and so on through all of the spans. At 
the end of the operations which input the data from the 
first range-separable group in each of the totality of 
the spans in the raster, this information is stored in in- 
terleave memory means 42-1 , and the first span of the 
raster is now reentered for inputting of the second 
RSG data therefrom. Simultaneous with the receipt of 
subpixel data (and the associated Z distance previ- 
ously appended thereto) for the second RSG of the 
first span, the stored data from that first span is output 
from memory means 42-1 , and appears at gate inputs 
36-1 c and 38-1 b. If the data bit stored in memory 
means 42-1 for the subpixel then being processed is 
at the high-logic level (indicative of a closer face point 
in the first RSG) gate 36-1 wOl be inhibited, because 
it is immaterial as to whether that pixel in the further 
RSG contains a face point or not; the higher-priority 
first RSG face point bit at input 38-1 b is passed by 
gate 38-1 to its output 38-1 d and the input 40-1a of the 
accumulator means. On the other hand, if that sut>- 
pixel location had, in the previous RSG(s), alt been 
devoid of a stored high logic level therefore, indicative 
of the absence of a image-contributing face point 
along the sightiine for that subpixel, gate Input 36-1c 
now receives a low logic level and gate 36-1 is en- 
abled; if the subpbcel raster mask data at input 30a is 
a low logic level (no encountered face point in the sec- 
ond RSG), the accumulator means stil stores a low 
logic level for that subpixel; but If the subpixel sightiine 
does encounter a face point in the second RSG, a 
high \og\c level bit passes through gates 36-1 and 38- 
1 and is accumulated in means 40-1 (along wtth its 
depth Z information). The accumulator means is 
cleared after operating upon the data for that span, 
and the rest of the sequence of spans is repeated for 



all of the second RSG data mask inputs. Therereafter, 
the entire sequence is repeated for all spans and for 
each sequential lower (i.e. further) RSG, until all 
spans and RSGs have been input At this point, mem- 

5 ory means 42-1 contains a high logic level for each 
subpixel In which a point on one of the surfaces 18 is 
visible, as well as data from which the surface num- 
ber, distance and attributes can be obtained (directly 
or indirectly). This raster-defining data is clocked 

10 through gate 36-1 and then tiirough MUX means 46 
(as the input 46a is connected to the output 46d, res- 
ponsive to a low logic level at control input 46c); thus 
mask data output can be stored and/or fed to a depth 
(Z) buffer means 48 and the like. 

15 Once the raster mask data has been processed, 
the ordered data for the set of circular point features 
is sent to input 30a. The calligraphic-control C signal 
is now at a high logic level and a similar process is re- 
peated for all of the calligraphic point subpixels. se- 

20 quentially considering each span and each RSG (at 
the end of each of which are the ordered set of as- 
sociated point surfaces 16). Once all the RSG point- 
feature-ordered sets have been processed for all of 
the sequential spans, the data is output through MUX 

25 means 46 (with input 46b now being connected to out- 
put 46d responsive to the now high logic level C signal 
at Input 46c) and can be similarly used or stored by 
means located after the mask data output 30b. It will 
be seen that the pixel-fill circuit portion 34 thus first ao- 

30 cumulates data, on a subpixel-by-subpixel basis, for 
the nearest circular point feature in the first RSG, then 
considers, only for those subpixels in which a high 
logic level data bit has not been already accumulated 
responsive to the nearest point feature, each sequen- 

35 tial one of the other range-ordered point features in 
the first RSG, and then considers whether any subse- 
quent RSGs contain a calligraphic point feature sub- 
pixel for inclusion in the accumulator. For each 
successive RSG, each subpixel in the span is con- 

40 sidered for inclusion of new point feature information 
only if that subpbcel has not already accumuiatad a 
high logk: level bit responsive to a nearer polntfeature 
being present along that subpixel sightiine. 

From the foregoing, ttiose skilled in the art will 

45 now understand that the information output from ter- 
minal 30b first contains a full raster set of depth-priori- 
tized raster surface mask information, and then 
contains a full raster of depth-prioritized calligraphic 
point feature information; raster point-to-raster point 

so interferences ("collisbns") are removed by operation 
of portion 32, while interferences between a nearer 
calligraphic point feature and other calligraphic point 
features in collision/conflict therewith are removed by 
operation of portion 34. 

55 It now only remains to rennove any confltots be- 

tween the separate sets of now-prioritized raster 
faces and now-pri<Mitized calligraphic point surfaces. 
This final conflict set is resolved by operation of sub- 
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sequent depth buffer means 48, in which the depth Z 
distance of each subptxel of the first-output face 
points (e.g. face point 18-1 b, for sightllne 20") and 
subsequently-output calligraphic surface points (e.g. 
point surface 16d) is compared and only the data for 
the closest subpixel sent to the display means, in the 
foregoing example, for sightJine 20", the depth buffer 
Is first set to depth Z2, for point 18-1 b, which depth is 
then compared to the subsequently-received depth 



3. The method of claim 2, wherein the depth-buffer- 
ing operation comprises the steps of: assigning 
each surface cell a depth value along a preselec- 



ted direction with respect to an image plane; and 
comparing the depth value of each surface cell to 
a minimum depth value, with respect to a view- 
point location, for all previously compared depth 
5 values. 

4. The method of claim 1, further comprising the 
step of dividing the total image screen into an ar- 
ray of spans, each containing an ordered set of 
cells; and step (a) includes the step of accumulat- 
ing for each span an Indication of the presence of 
a point feature contribution in a successively-con- 
sidered one of the cell set for that spry for point 
features of successively greater depths. 

5. The method of daim 4, wherein step (a) further in- 
cludes the step of sequentially operating upon 
each span of the display image. 

6. The method of daim 6, wherein step (a) further in- 
cludes the steps of: separating the calligraphic 
point features by range-separable group (RSG); 
resolving priority conflicts, for each cell, among 
the point features of each RSG; and then resolv- 
ing priority conflicts between the resolved point 
features for all RSGs. 

7. The method of daim 6, wherein priority conflicts 
in the point features of all spans of a display Im-' 
age frame are resolved for each RSG level prior 
to resolution of all spans in a next-subsequent 
RSG level. 

8. The method of daim 4, wherein step (b) further 
comprises the step of accumulating for each span 
an indication of the presence of a raster face con- 
tribution in a successively-considered one of the 
cell set for that span, for raster faces of succes- 
sively greater depths. 

9. The method of daim 8, wherein step (b) further in- 
cludes the step of sequentially operating upon 
each span of the display Image. 

1 0. The method of daim 9, wherein step (b) further in- 
cludes the steps of: separating the raster faces by 
range-separable group (RSG); resolving priority 
conflicts, for each cell, among the raster faces of 
each RSG; and then resolving priority conflicts 
between the resolved raster faces of all RSGs. 

11. The method of daim 10, wherein step (b) is car- 
ried out by means of a depth buffering operation. 

55 12. The method of daim 11, wherein the depth-buf- 
fering operation comprises the steps of: assign- 
ing each surface cell a depth value along a 
preselected direction with respect to an Image 



Zd for surface 16d; the point surface depth Zd being io 
less than the point depth Z2. subpixel 12s'' is assig- 
ned the attributes of point feature 16d (induding the 
depth Zd thereof). In this manner, the raster tece-cal- 
ligraphical point feature conflict at any subpixel of the 
image plane 12 is resolved and the proper priority as- is 
signed to the nearest one of the point surface or face 
surface thereat. 

While one presently preferred embodiment of our 
novel method for resolving priority between a cal- 
ligraphically-displayed point feature and both raster- 20 
displayed and otiier calllgraphlcally-dlsplayed point 
features In a GIG system has been described In some 
detail herein, many modifications and variations will 
now become apparent to those skilled in this art. It is 
our intent, therefor, to be limited only by the scope of 25 
the appending claims and not by the specific details 
and instrumentalities presented herein byway of dis- 
cussion of our presently preferred embodiment. 

30 

Claims 

1. A method for determining the proper occultation 
relationship between a calligraphic point of a dis- 
play image and at least one of another cal- 3S 
ligraphic point and a surface in the same display 
image, comprising the steps of: (a) resolving the 
occultation relationships between all calligraphic 
point features of a calligraphic portion of the dis- 
play image, to obtain a depth-ordered set of cal- 40 
ligraphic point surfaces; 

(b) resolving the occultation relationships be- 
tween all raster faces of a raster portion of the 
display image, to obtain a depth-ordered set of 
raster faces; and 45 

(c) then resolving for each cell of the display 
image the occultation relationships between 
each of the depth-ordered calligraphic point 
features and each of the depth-ordered raster 
surfaces located along a sighttine passing $0 
through that cell. 

2. The nriethod of daim 1 , wherein step (b) is canried 
out by means of a depth buffering operation. 



SDOCID: <EP_0SO765OA2J_> 



13 EP0 507 5S0A2 14 



plane; and comparing the depth value of each 
surface cell to a minimum depth value, with res- 
pect to a viewpoint location, for all previously 
compared depth values. 

5 

13. The method of daim 1, wherein all of the raster 
face contributions to one cell are separately pro- 
cessed before all of the calligraphic point feature 
contributions to that same ceil are processed. 

10 

14. Themethod of daim 1, wherein processing of ras- 
ter face and calligraphic point feature contribu- 
tions to each cell are interleaved. 

15. A method for determining the proper occultation is 
relationship between a calligraphic point and at 
least one of another calligraphic point and a raster 
face in a raster portion of a display image frame, 
comprising the steps of: dh^lding the total Image 
screen into an array of spans, each containing an 20 
ordered set of cells; determining which of the cells 

on the total screen lie Inside each of the raster 
faces and calligraphic points which must be con- 
sidered for the Image totality; ordering the dist- 
ance of each of the raster faces from a viewing 25 
point; ordering the distance of each of the point 
features from the viewing point; and comparing 
the ordered distances of each point feature to at 
least one of the raster face distances and other 
point feature distances to determine which of the 30 
cells of the point feature or the face/other point 
feature are ocduded and which cells are visible. 

16. The method of daim 15, wherein each cell Is one 

of a plurality of subpixels forming a pixel of the 36 
display image frame, and induding the steps of: 
determining subpbcsl priority for each of a sequ- 
ence of range-sequential raster cells; storing 
range irrfonmation therefor, separately determin- 
ing priority for each of a sequence of point-feature 40 
subpixels following in the same range-separated 
group; and resolving raster-raster and feature- 
feature cell priorities in each subpixel; and then 
resolving raster-point feature subpixel priorities. 

45 

17. The method of daim 16, wherein the raster-point 
feature priorities are resolved by a depth buffer 
operation. 
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